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Introduction
Infection with hepatitis B virus (HBV) is a major public health problem, affecting about 350---400 million people worldwide. It is endemic in Asia, sub-Saharan Africa, the South Pacific Region, Australia, New Zealand and in some populations of South America and the Middle East. 1, 2 Perinatal infection or horizontal infection early in childhood are the main routes of HBV transmission in high endemic areas, whereas in low endemic regions, such as western countries, hepatitis B is primarily a disease of adolescents and adults as a result of high risk sexual activity and injection drug use. 3 The probability of becoming chronically infected is higher in individuals infected perinatally (90%) or during childhood (20---30%) when considering standing before an immature immune system comparing to immunocompetent individuals infected in adulthood (<1%). 1, 3 Between 15 and 40% of chronically infected individuals may develop severe liver disease and hepatocellular carcinoma (HCC), while the remaining become inactive carriers. 1 The natural history of chronic HBV infection can be divided into five phases, not necessarily sequential, that depend on the virus---host interaction: (i) Immune-tolerant phase: This phase may persist for 10---30 years in individuals infected perinatally or in the first years of life.
(ii) Immune-reactive phase (HBeAg-positive): This phase is more frequent and/or more easily achieved in individuals infected in adulthood. (iii) ''State of inactive HBV carrier'': It may occur after HBeAg seroconversion to anti-HBe. It is characterized by the absence of HBeAg and presence of anti-HBe, serum HBV DNA levels <2000 IU/mL, normal ALT levels and histologically minimal or no necroinflammation, slight fibrosis or even normal liver. (iv) HBeAg-negative chronic hepatitis B (v) HBsAg-negative phase: In these patients immunosuppression, such as chemotherapy or after transplantation, can lead to reactivation of hepatitis B, hence antiviral treatment is indicated. 4 HBV Inactive carriers, previously designated as ''healthy carriers'', ''asymptomatic carriers of HBsAg'', constitute the largest group of patients chronically infected with HBV. It is estimated that about 300 million individuals are in this phase. More recently it has been proposed the term ''inactive carrier state'' due to the possibility of reversing this condition.
The prognosis of the inactive carriers is usually benign. Long-term follow-up studies (up to 18 years) show that the vast majority has a sustained biochemical remission and very low risk of progression to cirrhosis or hepatocellular carcinoma (HCC). 2 Rarely, some patients, even without cirrhosis, can develop HCC during the state of inactive carrier and, in addition, from 10 to 34% of these patients may have a spontaneous reactivation during follow-up, with or without sero-reversion to HBeAg. The risk of reactivation is higher in the following years after HBeAg seroconversion and decreases with time, although it can be present after years of inactivity. The occurrence of multiple episodes of reactivation or sustained reactivation can cause progressive liver damage and even hepatic decompensation. 5, 6 Acute flares of hepatitis occurring during the inactive HBsAg carrier state should be distinguished from super-infection with other hepatotropic viruses that may occur in as many as 20---30% and can be associated with an increased risk of fulminant hepatic failure. 2, 7 Treatment is not recommended in this group of patients, 8, 9 neither routine liver biopsy, as it was considered that potential for histological lesions is minimal. For the follow-up of this particular group of individuals with chronic HBV infection periodic monitoring of ALT (every 3, 6 or 12 months) to detect reactivation is recommended. Regarding HBV DNA, recent data show the need to complement the value of ALT with HBV DNA to avoid misclassification of the infection profile, taking into account the fluctuations of HBV DNA.
It was recently proposed the use of HBsAg quantification for categorization of this group. A study by Brunetto et al. 10 says that the serum HBV DNA and HBsAg levels provide complementary information to distinguish HBV carriers of inactive subjects in genotype D. The combination of quantification of HBV DNA (<2000 IU/mL) and HBsAg (<1000 IU/mL) allows the identification of inactive carriers with a high diagnostic accuracy (94.3%), which is comparable with annual monitoring of HBV DNA and ALT. These data require further analysis.
HBsAg status should be monitored to detect a spontaneous seroconversion, which is estimated to occur at about 0.5---1% per year and increases with age. Of these, just over half acquire the anti-HBs antibody, suggesting that in these cases the HBV infection has not been eliminated, but the production of HBsAg decreased to a value lower than the sensitivity of detection methods.
Inactive carriers have a very low risk of developing cirrhosis, below 0.1 per 100 patient-years. 11 The inactive carriers with cirrhosis account for 1% of the total. In these cases, treatment is recommended to reduce this risk of disease progression. The screening for cirrhosis in inactive carriers must be systematic, being up to now based only on clinical, analytical and imaging findings. Non-invasive methods to assess the presence of fibrosis, such as elastography and serum tests, may prove to be a more effective way to detect suspected cases of cirrhosis. 12 Although the risk of cancer is increased regarding the population not exposed to HBV, the overall risk is low (0.06% per year) hence systematic screening of HCC does not seem to be justified. 6, 13 Regardless of the severity of the underlying liver disease, the risk of HCC is negligible in Caucasians inactive carriers, but increases about 10 times in Asian inactive carriers. 13 
Objective
The aim of this study was to evaluate the long-term outcome of a cohort of HBV inactive carriers, through biochemical and virological monitoring
Patients and methods
Patients
A retrospective analysis of outpatients of the Hepatology consultation between 1997 and 2010 was performed. One hundred patients were identified, with criteria to be classified as inactive carriers (after quarterly determinations of ALT and DNA HBV during one year). Patients with the following characteristics were included: presence of serum HBsAg and anti-HBe, without HBeAg; HBV DNA levels <2000 IU/mL; repeatedly normal ALT levels. Other inclusion criteria were absence of evidence of infection with hepatitis C virus (undetectable anti-HCV), no antibodies of human immunodeficiency virus, no anti-␦ antibodies and exclusion of other causes of chronic liver disease (alcohol consumption, virus, NAFLD, hepatotoxic drugs, chronic autoimmune hepatitis, hemochromatosis, Wilson's disease, and ␣1-antitrypsin deficiency).
Methods
The virological markers, including HBsAg, HBeAg, antiHBc, anti-HBe and anti-HBs were determined with standard procedures. Serum ALT assays levels were assessed by Hitachi ® robot 911, using Boehringer-Mannheim ® reagents. The upper limit of 30 IU/mL for men and 19 IU/mL for women was used.
14 The HBV DNA was quantified by Amplicor HBV Monitor ® Kit (Roche) and COBAS ® AmpliPrep/COBAS ® TaqMan ® HBV test (Roche). Percutaneous liver biopsy was performed in 12 patients. Liver histology was classified according to the score system defined by Ishak et al. 15 that includes a fibrosis score and a score for necroinflammation.
Statistical analysis was performed with SPSS software ® (v.11, 5, SPSS Inc., Chicago, IL). For quantitative variables (ALT and HBV DNA), the coefficient of nonparametric Spearman correlation was used.
Results
One hundred HBV inactive carriers were studied, of whom 53% were female, mean age 48.7 ± 13.8 (16---77) years. The mean follow-up period was 4.6 ± 2.5 (2---13) years. Vertical transmission was identified in 18% of patients. Genotypes A and D were the most common. The characteristics of this group of patients are reported in Table 1 . During follow-up, there was an increase in viremia in a total of 33 patients, but in 23 of those HBV DNA levels remained below 2000 IU/mL.
There was biological and virological reactivation in 10% (4 men, 6 women) on the 4 th year of follow-up. Of these, all men had an ALT value greater than 30 IU/L, at inclusion, and three of the six women had a value greater than 19 IU/L and the HBV DNA was below the limit of quantification in all of them. No correlation between the values of ALT and HBV DNA (p > 0.05) was observed. The increased viremia preceded the elevation of ALT levels in six of ten cases.
Clearance of HBsAg was documented in four patients (4%) (2 men, 2 women) who showed persistently normal ALT Two male patients presented transient elevation of ALT, one of them in the context of alcohol consumption and the other because of drug hepatotoxicity (amoxicillin and clavulanic acid).
In the 12 patients in whom liver biopsy was performed, histologic activity was mild, without fibrosis (Ishak <6).
There was no case of liver disease progression, particularly with cirrhogenic evolution or diagnosis of HCC.
Discussion
This study was performed in a homogeneous and large cohort of HBV inactive carriers. The correct identification of the inactive carriers has important prognostic implications, since these patients survival is comparable to that of non-infected population, at least in Western studies. According to international guidelines, a correct approach to chronic HBV infection requires an accurate differential diagnosis between chronic hepatitis and the inactive carriers through the serial (quarterly) determination of ALT levels and HBV DNA for at least one year. Some data suggest that the use of HBV DNA and ALT alone to define an inactive carrier, without resort to liver biopsy, may not detect significant histological disease in about 10% of patients. 16 Based on this, liver biopsy was performed in only 12 patients. We acknowledge this as limitation, as it is a retrospective study, although the results are similar to other studies that consider there is minimal or no necroinflammatory activity in the inactive carrier state. Since liver biopsy is seldom recommended in these patients, there are few confirmations of these findings and liver histologic changes in this group are difficult to assess. As liver biopsy is an invasive method of evaluating liver fibrosis, and carries small risk of complications, we consider appropriate to not routinely perform biopsy in these asymptomatic group of patients. 17 Despite some limitations, transient elastography appears an ideal approach for identifying liver fibrosis in all inactive carriers. 17 Recent studies on HBsAg level in different population of chronic HBV infection have shown that HBsAg level is lowest in the inactive carrier patient and HbsAg quantitation may help to differentiate between active and inactive HBeAg-negative HBsAg carrier state. The combination of serum HBsAg and HBV DNA levels shows promising results as a single-point measurement, instead of quarterly laboratorial monitoring over a year, for identifying inactive carriers. 10,13,16---20 The results show that in 90% of patients most (77%) had no detectable serum HBV DNA and 23% had levels below 2000 IU/mL.
In the Western countries, the reactivation is rare and when it occurs is due mainly to the presence of cofactors such as alcohol or drugs. Significant predictors of mortality in HBsAg-positive patients are the presence of medical comorbidities, older age at diagnosis, and abnormal GGT levels. 1,21---23 Another study concluded that the majority of inactive carriers have a low level of viral replication. 24 HBV reactivation occurred in ten of our patients, which is in line with published data that estimate that reactivation occurs in 10---34% of these patients. 25, 26 Spontaneous loss of HBsAg is about 1---3% per year and HCC is rare. 9, 16 There was clearance of HBsAg in 4% of patients and seroconversion occurred with the appearance of antiHBs in three patients. In these patients, the persistently normal values of ALT and HBV DNA <2000 IU/mL suggest that the loss of HBsAg may occur below the threshold of HBV replication, but it does not mean virus eradication. It was reported that HBV DNA can still be detected with PCR in patients with chronic hepatitis B who develop HBsAg seroconversion either spontaneously or after therapy, although a longer follow-up is necessary to confirm this result. 24, 27 The results of the present study show that serial monitoring with persistently normal ALT values and HBV DNA level <2000 IU/mL in HBeAg-negative HBsAg seropositive persons are appropriate criteria to define ''HBV inactive carriers''. The follow-up and outcome suggest that the prognosis of HBV inactive carriers, when accurately defined, is benign.
Conclusion
The natural history of the HBV inactive carriers is not totally clear and there are few studies about this group. The prognosis is generally good, but the risk of reactivation, and consequent liver disease complications namely HCC, remains present even after several years of inactivity. 28 Thus, a surveillance strategy is needed. With this study, using the recommended strategy of regularly monitor ALT and viremia, we found similar results to previously published data.
It is our believe that more studies with large cohorts are needed to define the most adequate management strategy to these patients, including data about the promising AgHBs quantification and transient elastography.
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